The saturation kinetics (SK) model relates response to nutrient (protein) intake in higher organisms by the equations: r = (bK| + Rm,xP)/(K| + In); where r is response and I is intake. Experimental data are fitted to this equation by iterative computer programs in which the intercept, b; a nutrition constant KI; an asymptotic response value Rmâ€ž; and an apparent kinetic order, n, are calculated. This model, unlike linear methods (PER, NPU) closely fits experimental data and predicts protein quality over a wide range of intake values. However, the SK model fails to converge to realistic values of Rmu and Kj unless protein of a sufficient quality or concentration or both, to produce a distinct plateau is fed. Also, the model may fail to distinguish statistically between the qualities of proteins which are easily differentiated by linear methods. These problems are ameliorated by assigning predetermined values to b and Rmax. When b was fixed as the mean response (body nitrogen) of rats fed protein-free diet, and Rmix was assigned a value related to the maximum response of rats fed an excess of high quality protein (casein), reasonable and statistically different values of KI and n were predicted for casein, peanut protein and wheat gluten.
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Although it is generally recognized that the relationship between the response (i. e., growth, body nitrogen) and nutrient intake of test animals is not truly linear, most bioassays for protein quality utilize a linear model to describe this relationship and limit exper imental points to the region of approximate linearity (1). Morgan et al. (2) and Mercer (3) have discussed various linear and nonlin ear equations for describing the intake-re sponse relationship, and along with their col leagues have proposed a model for fitting data to a relationship based on saturation kinetics (2) (3) (4) ; that is the concept that the efficiency of nutrient utilization decreases as the requirement is approached based on some rate limiting step. This model is defined by the equation r = (bK, + Rmâ€ž In)/(K, + I") where r is animal's response, I is nutrient in take, b is the ordinate intercept, Rmaxis the asymptotic value of r, n is the apparent ki netic order and K! a nutrition constant. Its use as a protein quality assay was described by Flodin et al. (5) . In this method, Rmax, which is the maximum response of animals receiving a particular protein, and n, which controls the slope at which response increases with intake, are directly related to protein quality. Other predictors of quality include the slope of the response versus intake equa tion at any point (dr/dl = [(Rmi,, â€"b) (nKi r~')]/(K, + I")2); and the intake required to produce a given response, for example at 1/2 maximal response [(I = K0.5 = K, 1/n] or at maximum efficiency (Imaxeff= ((â€"B+ (B2 -4AC)1/2)/2A)1/n); where A = Rmax/K,, B = Rra.x (1 -' n) + b(l + n), and C = bK, (6) .
Values of the equation parameters, b, K^Rmax and n are calculated from experimental data using iterative computer programs. model, resulted in an effective insensitivity to protein quality. Phillips (1) compared the saturation kinetics model to several assays based on the linear model using three pro teins of known and widely different qualities, casein, peanut flour, and wheat gluten, and discussed the advantages and disadvantages of both approaches. He observed that while linear models fit a limited part of the actual intake-response data and predict a single es timate of protein quality within this range, they distinguish readily between proteins of qualities as different as casein and peanut flour. On the other hand as noted by Ware et al. (7), the saturation kinetics model fits the entire range of intake response data and can predict quality at any point over the range, but fails to converge to meaningful values of K! and Rmax when an insufficient quality or level of protein is fed. Secondly, due to large standard errors associated with estimates of the equation parameters, no sta tistical difference between corresponding parameters for proteins as different as casein and peanut flour were detected. These find ings are summarized in table 1 and in figure 1. In this paper, I propose a modification of the original saturation kinetics model which addresses the limitations discussed above.
METHODS
The data utilized in this study have been previously reported and utilized in the work "The "protein free" and "initial" groups cited above (1, 7) . The data are summarized in table 2. Likewise, the experimental meth odology was previously described (1) and will not be repeated here.
The following modifications of the satu ration kinetics method are proposed: a) Rather than allowing the value of the ordinate in tercept, b, to be calculated from the entire data set, assign to it a fixed value equal to the response of a group of animals receiving protein free diet and b) altering the sense of the parameter Rmaxsomewhat, let it now be a quantity associated with the test species rather than individual test proteins. That is, let Rmlxbe a parameter related to the max imum response of test animals receiving an excess of good quality protein, and make the simplifying assumption that if any protein could be consumed at a sufficiently high level, a response equal to Rmiuwould result. These modifications result in a model which has the same form as the original saturation kinetics equation, but in which b and Rmax are now constants and only KI and n are cal culated from the data and thus reflect protein quality. As in previous work, data were fitted to the modified equation and parameters were computed by the method of Barr et al. (8) . In this study, response was evaluated in terms of body nitrogen and intake in terms of dietary nitrogen consumed. The parame ter b was assigned a value of 1.25 g of nitro gen (table 1) . Rmâ€ž was assigned values related to the body nitrogen content of animals re ceiving 31% casein diet. Values equal to the mean body nitrogen (7.89 g), the mean plus 1 (8.26 g), 2 (8.63 g), and 3 (9.00 g) standard deviations were investigated.
RESULTS AND DISCUSSION
The effects of assigning constant values to b and Rmaxon the computed values of KI and n are shown in table 3. The modified model was able to converge to a meaningful value of K! for wheat gluten even though the data exhibits little curvature ( fig. 1 ). Of course unreasonable values of Rmâ€ž for wheat glutenfed (and to a lesser extent for peanut proteinfed) rats no longer occurred since values were assigned. Secondly, as increasingly large val ues of Rmaxwere chosen, standard errors de creased and at the point where Rmax= 8.63 g there were significant differences between parameters for the various protein sources producing equations which could legiti mately be used to assess protein quality.
The results of quality estimation in terms of intake required to produce a given re sponse, and of slope at these points when Rmax = 8.63 are shown in table 4. Results from linear regression equations utilize data from animals consuming diets containing 10% pro tein (1) are given for comparison. Values rel ative to those for casein are also given. The relative values for peanut protein fall into a narrow range regardless of the response level, the model, or the estimator. For wheat glu ten, however, relative quality is very sensitive to all three variables. With regard to the ef fect of the estimator, it should be remem bered that the estimator of protein quality implicit in linear model assays (PER, NPR, NPU, linear regression) is the slope of the intake-response equation (1) which is related in a simple way to intake at a given response. This relationship is more complex with non linear models because slope varies over the intake-response range. The slope indicates the instantaneous change in response with intake at any point without regard to the protein's efficiency at other points. Thus, for example, the relatively flat slope at high levels of intake indicates only that the ani mals are approaching saturation with the nutrient and give no hint of how much intake was required to reach that point. On the other hand, the intake-required-to-producea-given-response estimator allows an evalu ation of the protein's performance over in takes up to that point, and is perhaps more generally useful. A large variation in quality of wheat gluten with intake-response level was predicted by the SK model. Using the "intake required . . ." estimator, wheat glu ten is predicted to be 60% as effective as casein in promoting maintenance of body nitrogen but only 20% as effective in pro moting half-maximal response. The relative quality of wheat gluten as predicted by the linear model is intermediate to the values predicted by the SK model.
Turning to the rationale behind the choice of values for the fixed parameters, it seemed reasonable to assign to b the value of mean response of a group of rats receiving a protein free diet. Choosing a value for Rmaxwas more difficult. Rmaxis the limiting value of r as I increases to infinity. Thus it should be greater than observed values of r even when animals are receiving an excess of good quality pro tein. Although such a value cannot be pre cisely defined, it seemed reasonable to use the maximum observed response of rats re ceiving the high quality standard protein, in this study, casein, as a reference point.
It can be seen from table 2 that response does not change significantly over the last several casein intake levels. However, the group receiving the highest level of dietary casein was arbitrarily selected as represen tative of this limiting situation. The approach was to use the mean response of this group, plus multiples of the standard deviation as value of Rma],-Although no claim is made that this is the only or even the best approach to setting Rmai,it demonstrates the value of Rmax required to produce a significant difference between K, values of casein and peanut pro tein.
From a practical viewpoint the assumption that Rmaxis achievable with any protein may seem questionable. Actually the modified model readily detects cases in which this is unlikely. For example, if the intake required to produce a response of 8 g body nitrogen (in 4 weeks) is calculated from the parame ters in table 2 when Rmax= 8.63 g and b = 1.25 g, the results are 19.6 g of dietary ni trogen from casein, 34.5 g from peanut flour, and 256.0 g from wheat gluten. Clearly, rats receiving wheat gluten as sole protein sources will not be able to consume sufficient diet to achieve this response.
Although not reported here in detail, the modified SK model was investigated using change in body weight and protein con sumed as measures of response and intake respectively. It was found that while the problem of convergence was solved, relative standard errors of estimate for K! remained larger than when r = body nitrogen and I = dietary nitrogen consumed, which neces sitated setting Rmaxat a relatively higher value to produce significant difference be tween K! value for casein and peanut pro tein. Body nitrogen is undoubtedly the most reliable gross measure of protein status. The relationship between body nitrogen and more easily measured parameters such as body weight or moisture were discussed re cently (9) .
In summary, although arbitrary, the pro posed modifications of the saturation kinetics model allow it to function more usefully as a protein quality assay than the original model with little change in the biological rationale on which it is based.
